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(54) Symbol synchronisation in multicarrier transmission 



(57) Synchronization symbol insertion section 102 
inserts a synchronization symbol into a signal digital- 
modulated by modulation section 101. 0 symbol inser- 
tion section 103 inserts a 0 symbol into the signal with 
the synchronization symbol inserted. The signal with 
the synchronization symbol and 0 symbol inserted in 
this way is sent to IFFT section 104 to be subjected to 
an IFFT calculation. Then, guard interval insertion sec- 



tion 105 inserts a guard interval into the IFFT-trans- 
forrned signal waveform. Then, the signal with the guard 
interval inserted in this way is D/A-converted by D/A 
converter 1 06. The D/A-converted signal is subjected to 
normal radio transmission processing and -then trans- 
mitted. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



[0001] The present invention relates to an OFDM 
communication apparatus used in a radio communica- 
tion system. 

Description of the Related Art 

[0002] A conventional OFDM communication appa- 
ratus is explained using FIG.1. FIG.1 is a block diagram 
showing a configuration of a conventional OFDM com- 
munication apparatus. 

[0003] In the OFDM communication apparatus 
shown in FIG.1, an information signal for every subcar- 
rier is subjected to digital modulation processing by 
modulation section 1 through, for example, QPSK 
(Quadrature Phase Shift Keying) and QAM (Quadrature 
Amplitude Modulation) and a synchronization symbol is 
then inserted into this signal by synchronization symbol 
insertion section 2. 

[0004] The signal with the synchronization symbol 
inserted is subjected to an IFFT (inverse hast Fourier 
Transform) calculation by IFFT section 3 and converted 
to an OFDM signal. 

[0005] A guard interval is inserted into this OFDM 
signal by guard interval insertion section 4. As shown in 
FIG.2, this signal frame is configured by synchroniza- 
tion symbol 21, phase reference symbol or pilot symbol 
22, guard interval 23 and valid symbol 24. 
[0006] The signal with the guard interval inserted is 
D/A-converted to a baseband signal by D/A converter 5. 
This baseband signal is subjected to normal radio trans- 
mission processing by a radio transmission section, 
which is not shown in the figure, and transmitted from 
an antenna as a transmission signal. 
[0007] A signal received via an antenna is sub- 
jected to normal radio reception processing by a radio 
reception section, which is not shown in the figure, and 
converted to a baseband signal. This baseband signal 
is subjected to quasi-coherent detection by a quasi- 
coherent detector and stripped of an unnecessary fre- 
quency component by a low-pass filter (the quasi- 
coherent detector and low-pass filter are not shown in 
the figure). This baseband signal is A/D-converted by 
A/D converter 6. In addition, the reception signal is 
divided into an in-phase component and quadrature 
component through quasi-coherent detection process- 
ing but the figure only shows a single signal path. 
[0008] This baseband signal is subjected to an FFT 
(Fast Fourier Transform) calculation by FFT section 12 
and signals assigned to different subcarriers are 
obtained. At this time, the baseband signal is delayed by 
delay section 7, sent to multiplier 8 and the multiplica- 
tion result is accumulated by accumulator 9. The accu- 
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mulation result is sent to subtracter 10 to be subjected 
to a subtraction with a threshold and subjected to 
threshold judgment by determination section 11. This 
determination result is sent to FFT section 12. 
5 [0009] The signal FFT-calculated by FFT section 1 2 
is sent to demodulation section 13, subjected to delay 
detection, judged by determination section 14 as to 
whether the signal is different from a signal one bit 
ahead and output as a demodulated signal. 
10 [001 0] When symbol synchronization is established 
in the OFDM communication apparatus with the config- 
uration above, the baseband signal prior to FFT calcula- 
tion and the signal prior to FFT calculation delayed by 
one symbol by delay section 7 are sent to multiplier sec- 
15 tion 8 to be subjected to complex multiplication. 

[0011] Then, the output of multiplier 8 is sent to 
accumulator 9 where the complex multiplication results 
are accumulated. Here, since the phase reference sym- 
bol is identical to the synchronization symbol, the result 
20 of accumulation of both signals has a peak on the phase 
reference symbol of the signal delayed by one symbol 
as shown in part A of FIG.3. Therefore, it is possible to 
establish symbol synchronization by detecting timing at 
which the accumulation result exceeds a threshold. 
25 [0012] However, signals with high power may be 
included under circumstances under which tens of 
delay signals are received. In this case, since threshold 
judgment is carried out using power of correlation 
results, it is assumed that a signal with high power may 
30 exceed the threshold. In such a case, symbol synchro- 
nization may be established using a signal with high 
power, failing to correctly detect FFT processing start 
timing and resulting in desynchronization. 



35 SUMMARY OF THE INVENTION 

[0013] The present invention has been imple- 
mented taking account of the points described above 
and it is an objective of the present invention to provide 
40 an OFDM communication apparatus capable of cor- 
rectly detecting FFT processing start timing even under 
circumstances under which tens of delay signals are 
received and preventing desynchronization. 
[0014] A main point of the present invention is an 
45 insertion of a correlation value suppression signal 
immediately after a symbol used to pull in synchroniza- 
tion. As a result, when establishing symbol synchroniza- 
tion by carrying out correlation value processing using 
the reception signal, the receiving side can reduce the 
so correlation result of a signal with high power so that a 
peak appears only on the correlation value result using 
the above symbol for the reception signal. This makes it 
possible to correctly detect FFT processing start timing 
and implement symbol synchronization free of desyn- 
55 chronization. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The above and other objects and features of 
the invention will appear more fully hereinafter from a 
consideration of the following description taken in con- 5 
nection with the accompanying drawing wherein one 
example is illustrated by way of example, in which; 



FIG. 19 is a block diagram showing a configuration . 
of an OFDM communication apparatus according 
to Embodiment 1 1 of the present invention; 
FIG. 20 is a block diagram showing an internal con- 
figuration of a correlator of the OFDM communica- 
tion apparatus according to Embodiment 1 1 ; 
FIG.21 is a block diagram showing a configuration 
of a hard decision section in a correlator of an 
OFDM communication apparatus according to 
Embodiment 1 2; 

FIG.22 is a frame diagram showing a signal used in 
an OFDM communication apparatus according to 
Embodiment 13; 

FIG. 23 is a block diagram showing a configuration 
of the OFDM communication apparatus according 
to Embodiment 1 3; and 

FIG. 24 is a block diagram showing a configuration 
of an OFDM communication apparatus according 
to Embodiment 14 of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] With reference now to the attached draw- 
ings, the embodiments of the present invention are 
explained in detail below. 

(Embodiment 1 ) 

[0017] FIG.5 is a block diagram showing a configu- 
ration of an OFDM communication apparatus according 
to Embodiment 1 of the present invention. 
[0018] An information signal for every subcarrier is 
subjected to digital modulation processing by modula- 
tion section 101 through, for example, QPSK (Quadra- 
ture Phase Shift Keying) and QAM (Quadrature 
Amplitude Modulation) and then a synchronization sym- 
bol is added to this signal by synchronization symbol 
insertion section 1 02 and then a 0 symbol, which is a 
correlation value suppression signal, is added by 0 sym- 
bol insertion section 103. 

[0019] The signal with these symbols added is sub- 
jected to an IFFT (Inverse Fast Fourier Transform) cal- 
culation by IFFT section 1 04 and converted to an OFDM 
signal. A guard interval is inserted into this OFDM signal 
by guard interval insertion section 105. The signal with 
the guard interval inserted is D/A-con verted to a base- 
band signal by D/A converter 1 06. This baseband signal 
is subjected to normal radio transmission processing by 
a radio transmission section, which is not shown in the 
figure, and transmitted from an antenna as a transmis- 
sion signal. 

[0020] A signal received via an antenna is sub- 
jected to normal radio reception processing by a radio 
reception section, which is not shown in the figure, and 
converted to a baseband signal. This baseband signal 
is subjected to quasi-coherent detection by a quasi- 
coherent detector and stripped of an unnecessary fre- 



FIG.1 is a block diagram showing a configuration of 
a conventional OFDM communication apparatus; 10 
FIG. 2 is a frame chart of a signal used by the con- 
ventional OFDM communication apparatus; 
FIG. 3 is a diagram showing timing of a reception 
signal and correlation result; 

FIG. 4 is another frame chart used by the OFDM 15 
communication apparatus; 

FIG.5 is a block diagram showing a configuration of 
an OFDM communication apparatus according to 
Embodiment 1 of the present invention; 
FIG. 6 is a frame chart of a signal used by the 20 
OFDM communication apparatus according to the 
embodiment above; 

FIG.7 is a block diagram showing a configuration of 
an OFDM communication apparatus according to 
Embodiment 2 of the present invention; 25 
FIG.8 is a frame chart of a signal used by the 
OFDM communication apparatus according to the 
embodiment above; 

FIG.9 is a block diagram showing a configuration of 

an OFDM communication apparatus according to 30 

Embodiments of the present invention; 

FIG. 10 is a block diagram showing a configuration 

of an OFDM communication apparatus according 

to Embodiment 4 of the present invention; 

FIG. 11 is a block diagram showing a configuration 35 

of an OFDM communication apparatus according 

to Embodiment 5 of the present invention; 

FIG. 12 is a frame chart of a signal used by the 

OFDM communication apparatus according to the 

embodiment above; *o 

FIG. 13 is a block diagram showing a configuration 

of an OFDM communication apparatus according 

to Embodiment 6 of the present invention; 

FIG. 14 is a frame chart of a signal used by the 

OFDM communication apparatus according to the 45 

embodiment above; 

FIG. 15 is a block diagram showing a configuration 

of an OFDM communication apparatus according 

to Embodiment 7 of the present invention; 

FIG. 16 is a block diagram showing a configuration so 

of an OFDM communication apparatus according 

to Embodiment 8 of the present invention; 

FIG. 17 is a block diagram showing a configuration 

of an OFDM communication apparatus according 

to Embodiment 9 of the present invention; 55 

FIG. 18 is a block diagram showing a configuration 

of an OFDM communication apparatus according 

to Embodiment 1 0 of the present invention; 
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quency component by a low-pass filter (the quasi- 
coherent detector and low-pass filter are not shown in 
the figure). This baseband signal is A/D-converted by 
A/D converter 107. In addition, the reception signal is 
divided into an in-phase component and quadrature 5 
component through quasi-coherent detection process- 
ing but the figure only shows a single signal path. 
[0021] This baseband signal is subjected to an FFT 
(Fast Fourier Transform) calculation by FFT section 113 
and signals assigned to different subcarriers are 10 
obtained. At this time, the baseband signal is delayed by 
delay section 1 08, sent to multiplier 1 09 and the multipli- 
cation result is accumulated by accumulator 110. The 
accumulation result is sent to subtractor 111 to be sub- 
jected to a subtraction with a threshold and subjected to is 
threshold judgment by determination section 112. This 
determination result is sent to FFT section 113. 
[0022] The signal FFT-calculated by FFT section 
113 is sent to demodulation section 1 14, subjected to 
delay detection, judged by determination section 1 1 5 as 20 
to whether the signal is different from a signal one bit 
ahead and output as a demodulated signal. 
[0023] Then, the operation of the OFDM communi- 
cation apparatus with the above configuration is 
explained using FIG.5 and FIG.6. Synchronization sym- 25 
bol 201 is inserted into the signal digital-modulated by 
modulation section 101 by synchronization symbol 
insertion section 102. This synchronization symbol 
insertion section 102 is made up of a switch and when 
control signal 1 instructing synchronization symbol 201 30 
to be inserted is input, this switch is switched to insert 
synchronization symbol 201 . After synchronization sym- 
bol 201 , phase reference symbol 202 is inserted. This 
phase reference symbol 202 is identical to synchroniza- 
tion symbol 201 . This phase reference symbol 202 is 35 
inserted by synchronization symbol insertion section 
102 in like manner. 

[0024] 0 symbol insertion section 103 inserts 0 
symbol 203 into the signal with synchronization symbol 
201 inserted. This 0 symbol insertion section 103 is 40 
made up of a switch and when control signal 2 instruct- 
ing 0 symbol 203 to be inserted is input, this switch is 
switched to insert 0 symbol 203. 

[0025] The signal with synchronization symbol 201 
and 0 symbol 203 inserted is sent to IFFT section 104 45 
and subjected to an IFFT calculation. That is, IFFT sec- 
tion 1 04 obtains a signal waveform on the time axis by 
IFFT-transforming complex number data including infor- 
mation on the phase and amplitude on the frequency 
axis onto the time axis for every symbol cycle. 50 
[0026] Then, guard interval 204 is inserted into the 
IFFT-transformed signal waveform by guard interval 
insertion section 105. More specifically, part of a wave- 
form of the last edge of valid symbol 205 is inserted as 
guard interval 204. In this way, it is possible to suppress 55 
an increase in the bit error rate and improve multi-path 
resistance by inserting guard interval 204 that allows a 
delay time. 



[0027] Then, the signal with this guard interval 
inserted is D/A-converted by D/A converter 106. Then, 
the D/A-converted signal is subjected to normal radio 
transmission processing and then transmitted. That is, 
the above signal is frequency-converted and amplified 
by a radio transmission section, which is not shown in 
the figure, and transmitted from an antenna. 
[0028] On the other hand, a signal received from an 
antenna is subjected to norma! radio reception process- 
ing. That is, the reception signal is subjected to amplifi- 
cation, frequency conversion and A/D conversion to 
become a baseband signal by a radio reception section, 
which is not shown in the figure. As described above, 
the reception signal is divided into an in-phase compo- 
nent and quadrature component by a quasi-coherent 
detector, which is not shown in the figure, and proc- 
essed, but these are expressed as one path in the fig- 
ure. 

[0029] Here, for the baseband signal, symbol syn- 
chronization is established using a guard interval. The 
method of establishing this symbol synchronization 
(synchronization pull-in method) is explained below. 
[0030] First, the baseband signal prior to FFT cal- 
culation and the signal prior to FFT calculation delayed 
by one symbol by delay section 1 08 are sent to multi- 
plier 109 to be subjected to complex multiplication. 
[0031] Then, the output of multiplier 109 is sent to 
accumulation section 110, which accumulates the com- 
plex multiplication results. Here, since the phase refer- 
ence symbol is identical to the synchronization symbol, 
the accumulation result of both symbols has a peak on 
a phase reference symbol of the signal delayed by a unit 
symbol (here 1 symbol) as shown in part A of FIG.3. 
Therefore, it is possible to establish symbol synchroni- 
zation by detecting timing at which the accumulation 
result exceeds the threshold. 

[0032] Thus, the accumulation result, which is the 
output of accumulation section 110, is sent to subtractor 
111 to be subjected to a subtraction from a predeter- 
mined threshold and the subtraction result is sent to 
determination section 112 to judge which is larger or 
smaller. This allows threshold judgment and timing that 
exceeds the threshold can be regarded as the FFT 
processing start timing in FFT section 113. In this way, 
timing is provided so that FFT is started by establishing 
symbol synchronization between the transmitting side 
and receiving side. 

[0033] As shown in FIG.6, in the present embodi- 
ment, 0 symbol 203 is inserted after phase reference 
symbol 202 in a signal frame. Therefore, under circum- 
stances under which tens of delay signals are received, 
if signals with high signal power are included, correla- 
tion processing is carried out between the 0 symbol of 
the reception signal and the phase reference symbol 
when a correlation is found between the reception sig- 
nal and the signal delayed by one symbol. In this case, 
since correlation processing is performed with the 0 
symbol, the correlation result becomes very small no 
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matter how high the signal power may be. For this rea- 
son, a peak exceeding a threshold is identified near the 
FFT processing start timing, thus making it possible to 
accurately detect the FFT processing start timing. 
[0034] The A/D-converted baseband signal is sub- 5 
jected to FFT processing at the FFT processing start 
timing above in FFT section 113 to obtain signals 
assigned to their respective subcarriers. These signals 
are sent to demodulation section 114, subjected to 
delay detection processing, compared with the signal 10 
one bit ahead by determination section 1 15 to become 
a demodulated signal. 

[0035] As shown above, since the OFDM communi- 
cation apparatus of the present embodiment has the 0 
symbol inserted immediately after the phase reference 15 
symbol used for delay detection, making it possible to 
reduce correlation output near the synchronization tim- 
ing position. Therefore, the OFDM communication 
apparatus of the present embodiment can suppress a 
correlation value exceeding a threshold even if signals 20 
with high power are included. As a result, the OFDM 
communication apparatus of the present embodiment 
can accurately detect FFT processing start timing and 
prevent desynchronization. 

25 

(Embodiment 2) 

[0036] The present embodiment explains a case 
where a 0 signal of an interval shorter than the phase 
reference symbol cycle is inserted immediately after the 30 
phase reference symbol. 

[0037] FIG. 7 is a block diagram showing a configu- 
ration of the OFDM communication apparatus accord- 
ing to Embodiment 2 of the present invention. In FIG.7, 
the same parts as those in FIG. 5 are assigned the same 35 
codes as those in FIG. 5 and their detailed explanations 
are omitted. 

[0038] in the OFDM communication apparatus 
shown in FIG.7, the transmission section carries out 
I FFT processing on a signal with a synchronization 40 
symbol inserted, inserts a guard interval and then 
inserts a 0 signal. Therefore, 0 symbol insertion section 
103 is removed and 0 signal insertion section 301 is 
provided after guard interval insertion section 105. 
[0039] Then, the operation of the OFDM communi- 45 
cation apparatus with the above configuration is 
explained using FIG.7 and FIG. 8. Synchronization sym- 
bol 201 is inserted by synchronization symbol insertion 
section 102 into the signal digital -modulated by modula- 
tion section 1 01 as in the case of Embodiment 1 . Phase so 
reference symbol 202 is inserted after synchronization 
symbol 201. This phase reference symbol 202 is identi- 
cal to synchronization symbol 201. This phase refer- 
ence symbol 202 is inserted by synchronization symbol 
insertion section 102 in like manner. 55 
[0040] The signal with synchronization symbol 201 
inserted is sent to I FFT section 1 04 and subjected to an 
I FFT calculation. Then, guard interval 204 is inserted 



into the IFFT-transformed signal waveform by guard 
interval insertion section 105. 

[0041] Then, a 0 signal, which is a correlation value 
suppression signal, is inserted into the signal with the 
guard interval inserted by 0 signal insertion section 301 . 
This 0 signal insertion section 301 is made up of a 
switch and when control signal 3 instructing 0 signal 401 
to be inserted is input, this switch is switched to insert 0 
signal 401. The interval of this 0 signal 401 is set to be 
shorter than the cycle of phase reference symbol 202. 
For example, it is preferable to set the interval to approx- 
imately 1/4 symbol. This minimizes the interval during 
which signals without power are sent. 
[0042] Then, the signal with such a 0 signal 
inserted is D/A-converted by D/A converter 1 06. Then, 
the D/A-converted signal is subjected to normal radio 
transmission processing and then transmitted. That is, 
the above signal is frequency-converted and amplified 
by a radio transmission section, which is not shown in 
the figure, and transmitted from an antenna. 
[0043] On the other hand, a signal received from an 
antenna is subjected to normal radio reception process- 
ing. For the baseband signal, symbol synchronization is 
established using a guard interval as in the case of 
Embodiment 1 . 

[0044] As shown in FIG. 8, the present embodiment 
has 0 signal 401 inserted after phase reference symbol 
202 in a signal frame. Therefore, under circumstances 
under which tens of delay signals are received, if signals 
with high signal power are included, correlation 
processing is carried out between the 0 signal of the 
reception signal and the phase reference symbol when 
a correlation is found between the reception signal and 
the signal delayed by one symbol. In this case, since 
correlation processing is performed with the 0 signal, 
the correlation result becomes very small no matter how 
high the signal power may be. For this reason, a peak 
exceeding a threshold is identified near the FFT 
processing start timing, thus making it possible to accu- 
rately detect the FFT processing start timing. 
[0045] The A/D-converted baseband signal is sub- 
jected to FFT processing at the FFT processing start 
timing above in FFT section 113 to obtain signals 
assigned to their respective subcarriers. These signals 
are sent to demodulation section 114, subjected to 
delay detection processing, compared with the signal 
one bit ahead by determination section 1 1 5 to become 
a demodulated signal. 

[0046] As shown above, since the OFDM communi- 
cation apparatus of the present embodiment has the 0 
signal inserted immediately after the phase reference 
symbol used for delay detection, making it possible to 
reduce correlation output near the synchronization tim- 
ing position. Therefore, the OFDM communication 
apparatus of the present embodiment can suppress a 
correlation value exceeding a threshold even if signals 
with high power are included. As a result, the OFDM 
communication apparatus the present embodiment can 
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accurately detect FFT processing start timing and pre- 
vent desynchronization. Furthermore, since the 0 signal 
inserted immediately after the phase reference symbol 
is shorter than the phase reference symbol cycle, thus 
minimizing the interval during which signals without 
power are sent 

(Embodiment 3) 

[0047] The present embodiment explains a case 
where reception level information is used for symbol 
synchronization acquisition. 

[0048] FIG.9 is a block diagram showing a configu- 
ration of the OFDM communication apparatus accord- 
ing to Embodiment 3 of the present invention. In FIG.9, 
the same parts as those in FIG. 7 are assigned the same 
codes as those in FIG.7 and their detailed explanations 
are omitted. 

[0049] In the OFDM communication apparatus 
shown in FIG. 9, the reception section comprises level 
detection section 501 that detects the reception level of 
a baseband signal, subtraction section 502 that com- 
pares the detected level with a predetermined thresh- 
old, determination section 503 that judges which is 
larger or smaller based on the subtraction result and 
AND section 504 that calculates AND between the 
determination result of determination section 503 and 
the determination result for FFT processing start timing 
detection. 

[0050] Then, the operation of the OFDM communi- 
cation apparatus with the above configuration is 
explained using FIG.9. 

[0051] The operation on the transmitting side is the 
same as that in Embodiment 2. Therefore, a signal to be 
transmitted has a frame configuration as shown in 
FIG.8. 

[0052] On the other hand, a signal received from an 
antenna is subjected to normal radio reception process- 
ing. For a baseband signal, symbol synchronization is 
established using a guard interval in the same way as 
for Embodiment 1 . 

[0053] In the present embodiment, a baseband sig- 
nal is.sent to level detection section 501 to be subjected 
to level detection and that level is sent to level subtrac- 
tion section 502 to be subjected to a subtraction with a 
predetermined threshold. This subtraction result is sent 
to determination section 503 and judged which is larger 
or smaller. That is, the detected level is subjected to 
threshold judgment. 

[0054] Moreover, as in the case of Embodiment 2, 
the result of a correlation between the reception signal 
and the signal delayed by one symbol is subjected to 
threshold judgment. The result of threshold judgment of 
the above level and the result of threshold judgment of 
the correlation are sent to AND section 504 and the 
AND information is sent to FFT section 1 1 3. That is, the 
timing at which the detected level is lower than the 
threshold in the threshold judgment of level detection 



and the correlation result is higher than the threshold in 
the threshold judgment of the correlation result 
becomes the FFT processing start timing. 
[0055] The A/D-converted baseband signal is sub- 

5 jected to FFT processing at the FFT processing start 
timing above in FFT section 113 to obtain signals 
assigned to their respective subcarriers. These signals 
are further sent to demodulation section 1 1 4 to be sub- 
jected to delay detection processing, compared with the 

10 signal one bit ahead by determination section 115 to 
become a demodulated signal. 

[0056] As shown above, the OFDM communication 
apparatus of the present embodiment can suppress a 
correlation value exceeding a threshold even if signals 
' 75 with high power are included, accurately detect the FFT 
processing start timing and prevent desynchronization. 
Furthermore, since the 0 signal inserted immediately 
after the phase reference symbol is shorter than the 
phase reference symbol cycle, thus minimizing the 

20 interval during which signals without power are sent. 
Furthermore, the OFDM communication apparatus of 
the present embodiment performs level detection of the 
reception signal, and therefore can accurately detect 
the signal with a high correlation result and more accu- 

25 rately detect the FFT processing start timing. 

(Embodiment 4) 

[0057] The present embodiment explains a case 
30 where the interval into which a 0 signal is inserted is 
made variable. 

[0058] FIG.1 0 is a block diagram showing a config- 
uration of the OFDM communication apparatus accord- 
ing to Embodiment 4 of the present invention. In FIG.1 0, 
35 the same parts as those in FIG.7 are assigned the same 
codes as those in FIG.7 and their detailed explanations 
are omitted. 

[0059] The OFDM communication apparatus 
shown in FIG.1 0 includes first subtraction section 605 

40 that calculates a difference between signals before and 
after judgment by determination section 115, second 
subtraction section 604 that calculates a difference 
between this subtraction result and a predetermined 
threshold, determination section 603 that judges 

45 whether the subtraction result of the second subtraction 
section is larger or smaller, switch 602 that selects 
whether or not to insert a 0 signal according to this 
determination result and 0 signal insertion section 601 
that inserts a 0 signal immediately after the phase refer- 

so ence symbol. 

[0060] 0 signal insertion section 601 is made up of 
a switch and when control signal 3 instructing a 0 signal 
to be inserted is input to switch 602, this switch is 
switched to insert the 0 signal. Switch 602 is switched 

55 through control signal 3 instructing the 0 signal to be 
inserted and control signal 4 instructing the 0 signal not 
to be inserted according to the judgment result of deter- 
mination section 603. 
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[0061] Then, the operation of the OFDM communi- 
cation apparatus with the above configuration is 
explained using FIG. 10. Synchronization symbol 201 is 
inserted by synchronization symbol insertion section 
1 02 into the signal digital -modulated by modulation sec- 
tion 101 as in the case of Embodiment 1. Phase refer- 
ence symbol 202 is inserted after synchronization 
symbol 201. 

[0062] The signal with synchronization symbol 201 
inserted is sent to IFFT section 1 04 and subjected to an 
IFFT calculation. Then, guard interval 204 is inserted 
into the IFFT-transformed signal waveform by guard 
interval insertion section 105. 

[0063] On the other hand, a signal received from an 
antenna is subjected to normal radio reception process- 
ing. For the baseband signal, symbol synchronization is 
established using a guard interval as in the case of 
Embodiment 1 . 

[0064] As shown in FIG.8, 0 signal 401 is inserted 
after phase reference symbol 202 in a signal frame. 
Therefore, correlation processing is carried out between 
the 0 signal of the reception signal and the phase refer- 
ence symbol when a correlation is found between the 
reception signal and the signal delayed by one symbol. 
[0065] The A/D-converted baseband signal is sub- 
jected to FFT processing at the FFT processing start 
timing above in FFT section 113 to obtain signals 
assigned to their respective subcarriers. These signals 
are sent to demodulation section 1 1 4 to be subjected to 
delay detection processing, compared with the signal 
one bit ahead by determination section 1 15 to become 
a demodulated signal. 

[0066] In the case above, signals before and after 
judgment are sent to first subtraction section 605 where 
the difference between the two signals is found. This dif- 
ference is sent to second subtraction section 604 and 
compared with a threshold. This comparison result is 
judged by determination section 603. If the difference is 
larger than this threshold, determination section 603 
judges that the communication environment is ill condi- 
tioned, that is, the interval of the 0 signal is short and 
controls so as to lengthen the interval of the 0 signal. 
[0067] More specifically, to lengthen the interval of 
the 0 signal, control signal 3 is input to switch 602 so 
that switch 602 is switched and the 0 signal is inserted 
by 0 signal insertion section 601. On the other hand, if 
there is no need to lengthen the 0 signal, control signal 
4 is input to switch 602 so that switch 602 is switched 
preventing 0 signal insertion section 601 from inserting 
the 0 signal. Thus, it is possible to adaptively change the 
interval of the 0 signal in the signal frame. 
[0068] Then, the signal with the 0 signal inserted in 
this way is D/A-converted by D/A converter 106. Then, 
the D/A-converted signal is subjected to normal radio 
transmission processing and then transmitted. That is, 
the above signal is frequency-converted and amplified 
by a radio transmission section, which is not shown in 
the figure, and transmitted from an antenna. 



[0069] As shown above, the OFDM communication 
apparatus of the present embodiment inserts the 0 sig- 
nal immediately after the phase reference symbol used 
for delay detection, reducing the correlation output near 

5 the synchronization timing position, making it possible 
to accurately detect the FFT processing start timing and 
prevent desynchronization. Furthermore, the OFDM 
communication apparatus of the present embodiment 
can switch whether or not to insert the 0 signal, making 

io it possible to adaptively change the interval of the 0 sig- 
nal in a signal frame and flexibly respond to the commu- 
nication environment 

(Embodiment 5) 

15 

[0070] The present embodiment explains a case 
where a phase reference symbol whose polarity is 
inverted, which is a correlation value suppression sym- 
bol, is inserted immediately after the phase reference 
20 symbol. 

[0071] FIG.1 1 is a block diagram showing a config- 
uration of the OFDM communication apparatus accord- 
ing to Embodiment 5 of the present invention. In FIG.1 1 , 
the same parts as those in FIG.5 are assigned the same 
25 codes as those in FIG.5 and their detailed explanations 
are omitted. 

[0072] In the OFDM communication apparatus 
shown in FIG. 11, the transmission section inserts an 
inverted symbol for the signal with a synchronization 
30 symbol inserted. Therefore, instead of 0 symbol inser- 
tion section 102, inverted symbol insertion section 701 
is provided. This inverted symbol insertion section 701 
is made up of a switch and when control signal 2 
instructing the inverted symbol to be inserted is input, 
35 this switch is switched to insert the inverted symbol. 
[0073] Then, the operation of the OFDM communi- 
cation apparatus with the above configuration is 
explained using FIG.1 1 and FIG. 12. Synchronization 
symbol 201 is inserted by synchronization symbol inser- 
40 tion section 102 into the signal digital -modulated by 
modulation section 101 as in the case of Embodiment 1 . 
Phase reference symbol 202 is inserted after synchroni- 
zation symbol 201. This phase reference symbol 202 is 
identical to synchronization symbol 201 . This phase ref- 
45 erence symbol 202 is inserted by synchronization sym- 
bol insertion section 1 02 in like manner. 
[0074] Inverted symbol 801 , which is the phase ref- 
erence symbol inverted by inverted symbol insertion 
Section 701, is inserted into the signal with synchroni- 
se? zation symbol 201 inserted. The signal with these sym- 
bols inserted is sent to IFFT section 1 04 to be subjected 
to an IFFT calculation. Then, guard interval 204 is 
inserted into the IFFT-transformed signal waveform by 
guard interval insertion section 1 05. 
55 [0075] Then, the signal with guard interval 204 
inserted is D/A-converted by D/A converter 106. Then, 
the D/A-converted signal is subjected to normal radio 
transmission processing and transmitted. That is, the 
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above signal is frequency-converted and amplified by a 
radio transmission section, which is not shown in the fig- 
ure, and transmitted from an antenna. 
[0076] On the other hand, a signal received from an 
antenna is subjected to normal radio reception process- 
ing. Forthe baseband signal, symbol synchronization is 
established using a guard interval as in the case of 
Embodiment 1 . 

[0077] As shown in FIG. 12, the present embodi- 
ment has inverted symbol 801 inserted after phase ref- 
erence symbol 202 in a signal frame. Therefore, under 
circumstances under which tens of delay signals are 
received, if signals with high signal power are included, 
correlation processing is carried out between the 
inverted symbol of the reception signal and the phase 
reference symbol when a correlation is found between 
the reception signal and the signal delayed by one sym- 
bol. In this case, since correlation processing is per- 
formed with the inverted symbol, both symbols are 
canceled out and the correlation result becomes very 
small no matter how high the signal power may be. For 
this reason, a peak exceeding a threshold is identified 
near the FFT processing start timing, thus making it 
possible to accurately detect the FFT processing start 
timing. 

[0078] The A/D-converted baseband signal is sub- 
jected to FFT processing at the FFT processing start 
timing above in FFT section 113 to obtain signals 
assigned to their respective subcarriers. These signals 
are further sent to demodulation section 1 14, subjected 
to delay detection processing and compared with the 
signal one bit ahead by determination section 1 1 5 to 
become a demodulated signal. 

[0079] As shown above, since the OFDM communi- 
cation apparatus of the present embodiment has the 
inverted symbol, which is the inverted phase reference 
symbol, inserted immediately after the phase reference 
symbol used for delay detection, making it possible to 
cancel out and reduce correlation output near the syn- 
chronization timing position. Therefore, the OFDM com- 
munication apparatus of the present embodiment can 
suppress a correlation value exceeding a threshold 
even if signals with high power are included. As a result, 
the OFDM communication apparatus of the present 
embodiment can accurately detect FFT processing start 
timing and prevent desynchronization. 

(Embodiment 6) 

[0080] The present embodiment explains a case 
where an inverted signal of a shorter interval than the 
cycle of the phase reference symbol is inserted immedi- 
ately after the phase reference symbol. 
[0081] FIG.13 is a block diagram showing a config- 
uration of the OFDM communication apparatus accord- 
ing to Embodiment 6 of the present invention. In FIG.1 3, 
the same parts as those in FIG.1 1 are assigned the 
same codes as those in FIG.1 1 and their detailed expla- 



nations are omitted. 
[0082] In the OFDM communication apparatus 
shown in FIG.13, the transmission section carries out 
IFFT processing on the signal with a synchronization 
5 symbol inserted and inserts a guard interval and then 
inserts an inverted signal. Therefore, inverted symbol 
insertion section 701 is removed and inverted signal 
insertion section 901 is provided after guard interval 
insertion section 1 05. 
10 [0083] Then, the operation of the OFDM communi- 
cation apparatus with the above configuration is 
explained using FIG.13 and FIG. 14. Synchronization 
symbol 201 is inserted by synchronization symbol inser- 
tion section 102 into the signal digital -modulated by 
15 modulation section 101 as in the case of Embodiment 1. 
Phase reference symbol 202 is inserted after synchroni- 
zation symbol 201 . This phase reference symbol 202 is 
identical to synchronization symbol 201 . This phase ref- 
erence symbol 202 is inserted by synchronization sym- 
20 bol insertion section 1 02 in like manner. 

[0084] The signal with synchronization symbol 201 
inserted is sent to IFFT section 104 to be subjected to 
an IFFT calculation. Then, guard interval 204 is inserted 
into the IFFT-transformed signal waveform by guard 
25 interval insertion section 1 05. 

[0085] I hen, an inverted signai, which is a correla- 
tion value suppression signal, is inserted into the signal 
with the guard interval inserted by inverted signal inser- 
tion section 901. This inverted signal insertion section 
30 901 is made up of a switch and when control signal 3 
instructing inverted signal 1001 to be inserted is input, 
this switch is switched to insert inverted signal 1001. 
The interval of this inverted signal 1001 is set to be 
shorter than the cycle of phase reference symbol 202. 
35 For example, it is preferable to set the interval to approx- 
imately 1/4 symbol. This minimizes the interval during 
which signals without power are sent. 
[0086] Then, the signal with such an inverted signal 
inserted is D/A-converted by D/A converter 106. Then, 
40 the D/A-converted signal is subjected to normal trans- 
mission processing and then transmitted. That is, the 
above signal is frequency-converted and amplified by a 
radio transmission section, which is not shown in the fig- 
ure, and transmitted from an antenna. 
45 [0087] On the other hand, a signal received from an 
antenna is subjected to normal radio reception process- 
ing. Forthe baseband signal, symbol synchronization is 
established using a guard interval as in the case of 
Embodiment 1. 

>o [0088] As shown in FIG. 14, the present embodi- 
ment has inverted signal 1 001 inserted after phase ref- 
erence symbol 202 in a signal frame. Therefore, under 
circumstances under which tens of delay signals are 
received, if signals with high signal power are included, 

?5 correlation processing is carried out between the 
inverted signal of the reception signal and the phase ref- 
erence symbol when a correlation is found between the 
reception signal and the signal delayed by one symbol. 
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In this case, since correlation processing is performed 
with the inverted signal, both signals cancel out each 
other and the correlation result becomes very small no 
matter how high the signal power may be. For this rea- 
son, a peak exceeding a threshold is identified near the 5 
FFT processing start timing, thus making it possible to 
accurately detect the FFT processing start timing. 
[0089] The A/D-converted baseband signal is sub- 
jected to FFT processing at the FFT processing start 
timing above in FFT section 113 to obtain signals 10 
assigned to their respective subcarriers. These signals 
are further sent to demodulation section 114, subjected 
to delay detection processing, and compared with the 
signal one bit ahead by determination section 115 to 
become a demodulated signal. 15 
[0090] As shown above, since the OFDM communi- 
cation apparatus of the present embodiment has the 
inverted signal inserted immediately after the phase ref- 
erence symbol used for delay detection, making it pos- 
sible to reduce correlation output near the 20 
synchronization timing position. Therefore, the OFDM 
communication apparatus of the present embodiment 
can suppress a correlation value exceeding a threshold 
even if signals with high power are included. As a result, 
the OFDM communication apparatus of the present 25 
embodiment can accurately detect FFT processing start 
timing and prevent desynchronization. Furthermore, 
since the inverted signal inserted immediately after the 
phase reference symbol is shorter than the phase refer- 
ence symbol cycle, thus minimizing the interval during 30 
which signals without power are sent. 

(Embodiment 7) 

[0091] The present embodiment explains a case 35 
where the interval into which an inverted signal is 
inserted is made variable. 

[0092] FIG. 15 is a block diagram showing a config- 
uration of the OFDM communication apparatus accord- 
ing to Embodiment 7 of the present invention. In FIG. 15, 40 
the same parts as those in FIG. 10 are assigned the 
same codes as those in FIG.1 0 and their detailed expla- 
nations are omitted. 

[0093] The OFDM communication apparatus 
shown in FIG. 15 includes first subtraction section 1 105 45 
that calculates a difference between signals before and 
after judgment by determination section 115, second 
subtraction section 1104 that calculates a difference 
between this subtraction result and a predetermined 
threshold, determination section 1103 that judges so 
whether the subtraction result of the second subtraction 
section is larger or smaller, switch 1102 that selects 
whether or not to insert an inverted signal according to 
this determination result and inverted signal insertion 
section 1 1 01 that inserts an inverted signal immediately 55 
after the phase reference symbol. 
[0094] Inverted signal insertion section 1101 is 
made up of a switch and when control signal 3 instruct- 



ing an inverted signal to be inserted is input to switch 
1102, this switch is switched to insert the inverted sig- 
nal. Switch 1102 is switched through control signal 3 
instructing the inverted signal to be inserted and control 
signal 4 instructing the inverted signal not to be inserted 
according to the judgment result of determination sec- 
tion 1 1 03. 

[0095] Then, the operation of the OFDM communi- 
cation apparatus with the above configuration is 
explained using FIG. 15. Synchronization symbol 201 is 
inserted by synchronization symbol insertion section 
102 into the signal digital-modulated by modulation sec- 
tion 1 01 as in the case of Embodiment 1 . Phase refer- 
ence symbol 202 is inserted after synchronization 
symbol 201. 

[0096] The signal with synchronization symbol 201 
inserted is sent to IFFT section 1 04 and subjected to an 
IFFT calculation. Then, guard interval 204 is inserted 
into the IFFT-transformed signal waveform by guard 
interval insertion section 105. 

[0097] On the other hand, a signal received from an 
antenna is subjected to normal radio reception process- 
ing. For the baseband signal, symbol synchronization is 
established using a guard interval as in the case of 
Embodiment 1 . 

[0098] As shown in FIG. 14, the present embodi- 
ment has inverted signal 1 101 inserted after phase ref- 
erence symbol 202 in a signal frame. Therefore, 
correlation processing is carried out between the 
inverted signal of the reception signal and the phase ref- 
erence symbol when a correlation is found between the 
reception signal and the signal delayed by one symbol. 
[0099] The A/D-converted baseband signal is sub- 
jected to FFT processing at the FFT processing start 
timing above in FFT section 113 to obtain signals 
assigned to their respective subcarriers. These signals 
are sent to demodulation section 114, subjected to 
delay detection processing and compared with the sig- 
nal one bit ahead by determination section 115 to 
become a demodulated signal. 

[0100] In the case above, signals before and after 
judgment are sent to first subtraction section 1105 
where the difference between the two signals is found. 
This difference is sent to second subtraction section 
1104 and compared with a threshold. This comparison 
result is judged by determination section 1 1 03. If the dif- 
ference is larger than this threshold, determination sec- 
tion 1 1 03 judges that the communication environment is 
ill conditioned, that is, the interval of the inverted signal 
is short and controls so as to lengthen the interval of the 
inverted signal. 

[0101] More specifically, to lengthen the interval of 
the inverted signal, control signal 3 is input to switch 
1102 so that switch 1102 is switched and the inverted 
signal is inserted by inverted signal insertion section 
1 1 01 . On the other hand, if there is no need to lengthen 
the inverted signal, control signal 4 is input to switch 
1102 so that switch 1102 is switched preventing 



9 



17 



EP 1 073 241 A2 



18 



inverted signal insertion section 1 1 01 from inserting the 
inverted signal. Thus, it is possible to adaptively change 
the interval of the inverted signal in the signal frame. 
[0102] Then, the signal with the inverted signal 
inserted is D/A-converted by D/A converter 106. Then, 
the D/A-converted signal is subjected to normal radio 
transmission processing and then transmitted. That is, 
the above signal is frequency-converted and amplified 
by a radio transmission section, which is not shown in 
the figure, and transmitted from an antenna. 
[0103] As shown above, the OFDM communication 
apparatus of the present embodiment inserts the 
inverted signal immediately after the phase reference 
symbol used for delay detection, reducing the correla- 
tion output near the synchronization timing position, 
making it possible to accurately detect the FFT process- 
ing start timing and prevent desynchronization. Further- 
more, the OFDM communication apparatus of the 
present embodiment can switch whether or not to insert 
the inverted signal, making it possible to adaptively 
change the interval of the inverted, signal in a signal 
frame and flexibly adapt to the communication environ- 
ment. 

(Embodiment 8) 

[0104] The present embodiment explains a case 
where the level of an inverted signal inserted immedi- 
ately after the phase reference symbol is increased. 
[0105] FIG.16 is a block diagram showing a config- 
uration of the OFDM Communication apparatus accord- 
ing to Embodiment 8 of the present invention. In FIG.16, 
the same parts as those in FIG. 13 are assigned the 
same codes as those in FIG. 13 and their detailed expla- 
nations are omitted. ' 

[0106] In the OFDM communication apparatus 
shown in FIG.16, the transmission section carries out 
I FFT processing on the signal with a synchronization 
symbol inserted and inserts a guard interval and then 
inserts an inverted signal. At this time, gain section 
1 201 is provided to increase the level of the inverted sig- 
nal. 

[0107] Then, the operation of the OFDM communi- 
cation apparatus with the above configuration is 
explained using FIG.16. Synchronization symbol 201 is 
inserted by synchronization symbol insertion section 
1 02 into the signal digital -modulated by modulation sec- 
tion 101 as in the case of Embodiment 1. Phase refer- 
ence symbol 202 is inserted after synchronization 
symbol 201 . This phase reference symbol 202 is identi- 
cal to synchronization symbol 201 . This phase refer- 
ence symbol 202 is inserted by synchronization symbol 
insertion section 102 in like manner. 
[0108] The signal with synchronization symbol 201 
inserted is sent to IFFT section 104 to be subjected to 
an IFFT calculation. Then, guard interval 204 is inserted 
into the IFFT-transformed signal waveform by guard 
interval insertion section 105. 



[0109] Then, an inverted signal is inserted into the 
signal with the guard interval inserted by inverted signal 
insertion section 901 . The level of this inverted signal is 
increased by gain section 1201. The gain level is set 
5 according to the communication environment and the 
number of delay signals, etc. as appropriate. 
[01 1 0] Then, the signal with such an inverted signal 
inserted is D/A-converted by D/A converter 106. Then, 
the D/A-converted signal is subjected to normal trans- 
fer mission processing and then transmitted. That is, the 
above signal is frequency-converted and amplified by a 
radio transmission section, which is not shown in the fig- 
ure, and transmitted from an antenna. 
[0111] On the other hand, a signal received from an 
75 antenna is subjected to normal radio reception process- 
ing. Forthe baseband signal, symbol synchronization is 
established using a guard interval as in the case of 
Embodiment 1. 

[0112] As shown in FIG. 14, the present embodi- 

20 ment has inverted signal 1001 inserted after phase ref- 
erence symbol 202 in a signal frame. Therefore, under 
circumstances under which tens of delay signals are 
received, if signals with high signal power are included, 
correlation processing is carried out between the 

25 inverted signal of the reception signal and the phase ref- 
erence symbol when a correlation is found between the 
reception signal and the signal delayed by one symbol. 
In this case, since the level of the inverted signal is 
increased, both signals cancel out each other and the 

30 correlation result becomes very small no matter how 
high the signal power may be. For this reason, a peak 
exceeding a threshold is identified near the FFT 
processing start timing, thus making it possible to accu- 
rately detect the FFT processing start timing. 

35 [0113] The A/D-converted baseband signal is sub- 
jected to FFT processing at the FFT processing start 
timing above in FFT section 113 to obtain signals 
assigned to their respective sub-carriers. These signals 
are further sent to demodulation section 114, subjected 

40 to delay detection processing and compared with the 
signal one bit ahead by determination section 115 to 
become a demodulated signal. 

[0114] As shown above, since the OFDM communi- 
cation apparatus of the present embodiment has an 

45 inverted signal with high gain inserted immediately after 
the phase reference symbol used for delay detection, 
making it possible to reduce correlation output near the 
synchronization timing position. Therefore, the OFDM 
communication apparatus of the present embodiment 

so can suppress a correlation value exceeding a threshold 
even if signals with high power are included. As a result, 
the OFDM communication apparatus of the present 
embodiment can accurately detect FFT processing start 
timing and prevent desynchronization. 

55 

(Embodiment 9) 

[0115] The present embodiment explains a case 
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where the gain of an inverted signal is made variable. 
[0116] FIG. 17 is a block diagram showing a config- 
uration of the OFDM communication apparatus accord- 
ing to Embodiment 9 of the present invention. In FIG.17, 
the same parts as those in FIG. 15 are assigned the 
same codes as those in FIG. 15 and their detailed expla- 
nations are omitted. 

[0117] The OFDM communication apparatus 
shown in FIG. 17 includes first subtraction section 1105 
that calculates a difference between signals before and 
after judgment by determination section 115, second 
subtraction section 1104 that calculates a difference 
between this subtraction result and a predetermined 
threshold, determination section 1103 that judges 
whether the subtraction result of the second subtraction 
section is larger or smaller, switch 1302 that changes 
the gain of the inverted signal according to this determi- 
nation result, inverted signal insertion section 1301 that 
inserts an inverted signal immediately after the phase 
reference symbol and gain section 1201 that changes 
the level of the inverted signal. 

[0118] Inverted signal insertion section 1301 is 
made up of a switch and when control signal 3 instruct- 
ing an inverted signal to be inserted is input, this switch 
is switched to insert the inverted signal. Switch 1302 
changes the gain of the inverted signal based on the 
determination result of determination section 1 103. 
[0119] Then, the operation of the OFDM communi- 
cation apparatus with the above configuration is 
explained using FIG.17. Synchronization symbol 201 is 
inserted by synchronization symbol insertion section 
102 into the signal digital-modulated by modulation sec- 
tion 101 as in the case of Embodiment 1. Phase refer- 
ence symbol 202 is inserted after synchronization 
symbol 201. 

[0120] The signal with synchronization symbol 201 
inserted is sent to I FFT section 1 04 and subjected to an 
IFFT calculation. Then, guard interval 204 is inserted 
into the IFFT-transformed signal waveform by guard 
interval insertion section 105. 

[0121] On the other hand, a signal received from an 
antenna is subjected to normal radio reception process- 
ing. For the baseband signal, symbol synchronization is 
established using a guard interval as in the case of 
Embodiment 1 . 

[0122] As shown in FIG. 14, the present embodi- 
ment has inverted signal 1001 inserted after phase ref- 
erence symbol 202 in a signal frame. Therefore, 
correlation processing is carried out between the 
inverted signal of the reception signal and the phase ref- 
erence symbol when a correlation is found between the 
reception signal and the signal delayed by one symbol. 
[0123] The A/D-converted baseband signal is sub- 
jected to FFT processing at the FFT processing start 
timing above in FFT section 113 to obtain signals 
assigned to their respective subcarriers. These signals 
are sent to demodulation section 114, subjected to 
delay detection processing and compared with the sig- 



nal one bit ahead by determination section 115 to 
become a demodulated signal. 

[0124] In the case above, signals before and after 
judgment are sent to first subtraction section 1105 

5 where the difference between the two signals is found. 
This difference is sent to second subtraction section 
1104 and compared with a threshold. This comparison 
result is judged by determination section 1 1 03. If the dif- 
ference is larger than this threshold, determination sec- 

70 tion 1 1 03 judges that the communication environment is 
ill conditioned, that is, the level of the inverted signal is 
low and controls so as to increase the level of the 
inverted signal. 

[0125] More specifically, to increase the level of the 

15 inverted signal, switch 1302 is switched to send the 
inverted signal whose level has been increased by gain 
section 1201 to inverted signal insertion section 1301 
and insert a high level inverted signal there. On the 
other hand, if there is no need to increase the level of 

20 the inverted signal, switch 1302 is switched to send the 
inverted signal of that level to inverted signal insertion 
section 1301 and insert the inverted signal there. In this 
way, the level of the inverted signal can be changed 
adaptively in a signal frame. 

25 [0126] Then, the signaj with the inverted signal 
inserted in this way is D/C-converted by D/A conversion 
section 106. Then, the D/A-converted signal is sub- 
jected to normal radio transmission processing and then 
transmitted. That is, the signal above is frequency-con- 

30 verted and amplified by a radio transmission section, 
which is not shown in the figure, and transmitted from 
an antenna. 

[0127] As shown above, the OFDM communication 
apparatus of the present embodiment has an inverted 

35 signal inserted immediately after the phase reference 
symbol used for delay detection making it possible to 
reduce correlation output near the synchronization tim- 
ing position, accurately detect FFT processing start tim- 
ing and prevent desynchronization. Moreover, the 

40 OFDM communication apparatus of the present embod- 
iment can adaptively make the level of the inverted sig- 
nal variable by switching between the levels of the 
inverted signal, thus flexibly responding to the commu- 
nication environment 

45 

(Embodiment 10) 

[0128] The present embodiment explains a case 
where the gain of an inverted signal is made variable 

so using average reception quality information. 

[0129] FIG. 18 is a block diagram showing a config- 
uration of the OFDM communication apparatus accord- 
ing to Embodiment 10 of the present invention. In 
FIG.1 8, the same parts as those in FIG.1 7 are assigned 

55 the same codes as those in FIG.17 and their detailed 
explanations are omitted. 

[0130] The OFDM communication apparatus 
shown in FIG.1 8 includes averaging section 1401 that 
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calculates a burst average of the subtraction result of 
first subtraction section 1105 that calculates a differ- 
ence between signals before and after judgment in 
determination section 115. 

[0131] This averaging section 1401 averages bursts 
of first subtraction section 1 105 preventing the gain of 
the inverted signal from being increased when a thresh- 
old is exceeded suddenly. This allows interference with 
others to be reduced. 

[0132] Then, the operation of the OFDM communi- 
cation apparatus with the above configuration is 
explained using FIG. 18. Synchronization symbol 201 is 
inserted by synchronization symbol insertion section 
1 02 into the signal digital -modulated by modulation sec- 
tion 101 as in the case of Embodiment 1. Phase refer- 
ence symbol 202 is inserted after synchronization 
symbol 201. 

[0133] The signal with synchronization symbol 201 
inserted is sent to I FFT section 1 04 and subjected to an 
IFFT calculation. Then, guard interval 204 is inserted 
into the IFFT-transformed signal waveform by guard 
interval insertion section 1 05. 

[0134] On the other hand, a signal received from an 
antenna is subjected to normal radio reception process- 
ing. For the baseband signal, symbol synchronization is 
established using a guard interval as 'in the case of 
Embodiment 1 . 

[0135] As shown in FIG. 14, the present embodi- 
ment has inverted signal 1001 inserted after phase ref- 
erence symbol 202 in a signal frame. Therefore, 
correlation processing is carried out between the 
inverted signal of the reception signal and the phase ref- 
erence symbol when a correlation is found between the 
reception signal and the signal delayed by one symbol. 
[0136] The A/D-converted baseband signal is sub- 
jected to FFT processing at the FFT processing start 
timing above in FFT section 113 to obtain signals 
assigned to their respective sub-carriers. These signals 
are further sent to demodulation section 1 14, subjected 
to delay detection processing and compared with the 
signal one bit ahead by determination section 115 to 
become a demodulated signal. 

[0137] In the case above, signals before and after 
judgment are sent to first subtraction section 1105 
where the difference between the two signals is found. 
This difference is sent to averaging section 1401 where 
a burst average is calculated. This averaging result is 
sent to second subtraction section 1 104 and compared 
with a threshold. This comparison result is judged by 
determination section 1103. If the difference is larger 
than this threshold, determination section 1103 judges 
that the communication environment is ill conditioned, 
that is, the level of the inverted signal is low and controls 
so as to increase the level of the inverted signal. 
[0138] More specifically, to increase the level of the 
inverted signal, switch 1302 is switched to send the 
inverted signal whose level has been increased by gain 
section 1201 to inverted signal insertion section 1301 



and the high-level inverted signal is inserted there. On 
the other hand, if there is no need to increase the level 
of the inverted signal, switch 1302 is switched to send 
the inverted signal of the same level to inverted signal 
5 insertion section 1301 and insert the inverted signal 
there. Thus, it is possible to adaptively make the level of 
the inverted signal variable in the signal frame. 
[0139] Then, the signal with the inverted signal 
inserted in this way is D/A-converted by D/A converter 
10 1 06. Then, the D/A-converted signal is subjected to nor- 
mal radio transmission processing and then transmit- 
ted. That is, the above signal is frequency-converted 
and amplified by a radio transmission section, which is 
not shown in the figure, and transmitted from an 
15 antenna. 

[0140] As shown above, the OFDM communication 
apparatus of the present embodiment has an inverted 
signal inserted immediately after the phase reference 
symbol used for delay detection making it possible to 
20 reduce correlation output near the synchronization tim- 
ing position, accurately detect FFT processing start tim- 
ing and prevent desynchronization. Moreover, the 
OFDM communication apparatus of the present embod- 
iment can adaptively make the level of the inverted sig- 
25 nai variable by switching between the levels of the 
inverted signal, thus fiexibiy responding to the commu- 
nication environment. In this case, since bursts of first 
subtraction section 1 1 05 are averaged, it is possible to 
prevent the gain of the inverted signal from being 
30 increased when a threshold is exceeded suddenly. This 
allows interference with others to be reduced. 

(Embodiment 1 1 ) 

35 [0141] The present embodiment explains a case 
where a synchronization pull-in method, which is differ- 
ent from the above described embodiments, is used 
with reference to FIG. 19. As the synchronization pull-in 
method, in addition to a method of detecting a maximum 
40 value of the result of a correlation between the reception 
signal and this reception signal delayed by one symbol 
(the method in the above embodiments), there is 
another method of detecting a maximum value of the 
result of a correlation between a signal with an IFFT- 
45 processed phase reference symbol (pilot symbol) and 
the reception signal. The OFDM communication appa- 
ratus of the present embodiment uses this synchroniza- 
tion pull-in method. Here, a case where this 
synchronization pull-in method is used in the OFDM 
50 communication apparatus according to Embodiment 1 
is explained as an example. 

[0142] FIG.1 9 is a block diagram showing a config- 
uration of the OFDM communication apparatus accord- 
ing to Embodiment 11 of the present invention. In 
55 FIG. 19, the same parts as those in FIG.5 are assigned 
the same codes as those in FIG.5 and their detailed 
explanations are omitted. 

[0143] In the OFDM communication apparatus 
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shown in FIG. 19, the reception section includes correla- 
tor 1 501 that calculates a correlation between the signal 
with an IFFT-processed phase reference symbol (pilot 
symbol) and the reception signal. The internal configu- 
ration of this correlator 1501 is explained using FIG.20. 
[0144] FIG.20 is a block diagram showing the inter- 
na! configuration of correlator 1501 in the OFDM com- 
munication apparatus according to Embodiment 1 1. As 
shown in FIG.20, the signal output from A/D converter 
107 (reception signal) and a signal with an IFFT-proc- 
essed phase reference symbol are input to correlator 
1501. More specifically, if the number of samples in 
IFFT processing is n, signals at the first to nth sample 
points (refl to refn in the figure) obtained by IFFT- 
processing the phase reference symbol are input to cor- 
relator 1501. 

[0145] Furthermore, as shown in FIG.20, correlator 
1501 includes multipliers 1601a to 1601n, delayers 
1602a to 1602n and adders 1603a to 1603n. Correlator 
1501 with the above configuration calculates a value of 
a correlation between the reception signal and the sig- 
nal with an IFFT-processed phase reference symbol 
from adder 1603n. 

[0146] The correlation value output from correlator 
1 501 is sent to subtraction section 1 1 1 and subjected to 
the same processing as that explained in Embodiment 
1. In this way, synchronization pull-in processing is car- 
ried out. 

[0147] In the present embodiment, as shown in 
FIG.6, 0 symbol 203 is inserted after phase reference 
symbol 202 in a signal frame. Therefore, under circum- 
stances under which tens of delay signals are received 
and signals with high power are included, correlation 
processing is carried out between the 0 symbol of the 
reception signal and the signal with an IFFT-processed 
phase reference symbol when a correlation is found 
between the signal with an IFFT-processed phase refer- 
ence symbol and the reception signal. In this case, 
since correlation processing is performed with the 0 
symbol, the correlation result becomes very small no 
matter how high the signal power may be. For this rea- 
son, a peak exceeding a threshold is identified near the 
FFT processing start timing, thus making it possible to 
accurately detect the FFT processing start timing. 
[01 48] As shown above, since the OFDM communi- 
cation apparatus of the present embodiment has a 0 
symbol inserted immediately after the phase reference 
symbol used for synchronization pull-in processing, 
making it possible to reduce correlation output near the 
synchronization timing position. Therefore, the OFDM 
communication apparatus of the present embodiment 
can suppress a correlation value exceeding a threshold 
even if signals with high power are included. As a result, 
the present embodiment can accurately detect FFT 
processing start timing and prevent desynchronization. 
[0149] The present embodiment explains the case 
where the synchronization pull-in method above is used 
for the OFDM communication apparatus according to 



Embodiment 1 , but the present invention is also applica- 
ble to cases where the synchronization pull-in method 
above is used for Embodiments 2 to 1 0. 

5 (Embodiment 12) 

[0150] The present embodiment explains a case 
where a hard decision section is used for the IFFT-proc- 
essed signal instead of a multiplier in the correlator that 
w finds a correlation between the signal with an IFFT-proc- 
essed phase reference symbol and the reception signal, 
with reference to FIG. 21 . 

[0151] FIG.21 is a block diagram showing a config- 
uration of a hard decision section in the OFDM commu- 

15 nication apparatus according to Embodiment 1 2 of the 
present invention. The hard decision section shown in 
FIG.21 is provided as a substitute for each of multipliers 
1 601 a to 1 601 n in the correlator shown in FIG.20. Hard 
decision section 1701 outputs a hard decision value for 

20 the signal (reception signal) output from A/D converter 
107. Selector 1702 finds a correlation between the sig- 
nal from hard decision section 1 701 , that is, a hard deci- 
sion value, and the reception signal, that is, a soft 
decision value. 

25 [0152] As shown above, the OFDM communication 
apparatus according to the present embodiment is 
equipped with a correlator configured without using any 
multiplier, and thus can drastically reduce the hardware 
scale. 

30 

(Embodiment 13) 

. [0153] The present embodiment explains a case 
where a synchronization pull-in method, which is differ- 

35 ent from the above two methods, is used, with reference 
to FIG.22. In addition to the synchronization pull-in 
method using synchronization symbol 21 and phase ref- 
erence symbol 22 in the frame above shown in FIG.2, 
there is another synchronization pull-in method using 

40 the synchronization symbol in the frame shown in 
FIG.4. The OFDM communication apparatus according 
to the present embodiment uses this synchronization 
pull-in method. Here, a case where this synchronization 
pull-in method is used in the OFDM communication 

45 apparatus according to Embodiment 1 is explained as 
an example with reference to Embodiment 12 and using 
FIG.22. 

[0154] FIG.22 is a frame diagram of a signal used in 
the OFDM communication apparatus according to 

50 Embodiment 13 of the present invention. The frame 
shown in FIG.22 is the frame shown in FIG.4 with syn- 
chronization symbol 31 added immediately before the 
phase reference symbol 32. The OFDM communication 
apparatus according to the present embodiment uses a 

55 synchronization pull-in method that detects a maximum 
value of the result of a correlation between a signal with 
an IFFT-processed synchronization symbol in the frame 
shown in FIG.22 and the reception signal. 
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[0155] FIG.23 is a block diagram showing a config- 
uration of the OFDM communication apparatus accord- 
ing to Embodiment 13 of the present invention. In 
FIG.23, the same parts as those in FIG.5 are assigned 
the same codes as those in FIG.5 and their detailed 5 
explanations are omitted. 

[0156] In the transmission section, synchronization 
symbol insertion section 1901 inserts synchronization 
symbol 1801 into the signal digital-modulated by modu- 
lation section 101. This synchronization symbol inser- io 
tion section 1901 is made up of a switch and when 
control signal 4 instructing synchronization symbol 

1801 to be inserted is input, this switch is switched to 
insert synchronization symbol 1801. 

[0157] 0 symbol insertion section 103 inserts 0 15 
symbol 1 802 into the signal with synchronization sym- 
bol 1 801 inserted. This 0 symbol insertion section 1 03 
is the same as that in Embodiment 1 . 
[0158] Phase reference symbol insertion section 

1902 inserts phase reference symbol 1803 and phase 20 
reference symbol 1804 into the signal with 0 symbol 

1802 inserted. This phase reference symbol insertion 
section 1902 is made up of a switch and when control 
signal 5 instructing phase reference symbol 1803 and 
phase reference symbol 1804 to be inserted is input, 25 
this switch is switched to insert phase reference symbol 

1803 and phase reference symbol 1804. 

[0159] The signal with synchronization symbol 
1801, 0 symbol 1802 and phase reference symbols 
above inserted is sent to IFFT section 104 and sub- 30 
jectedtoan IFFT calculation. 

[0160] In the reception section, the signal (recep- 
tion signal) output from A/D converter 1 07 is sent to FFT 
section 1 1 3 and correlator 1 903. Correlator 1 903 calcu- 
lates a correlation value between the reception signal 35 
and a signal with an I FFT-processed synchronization 
symbol. This correlator 1 903 is different from correlator 
1501 in Embodiment 12 in that a signal with an I FFT- 
processed synchronization symbol is input instead of a 
signal with an I FFT-processed phase reference symbol. 40 
[0161] The correlation value output from correlator 

1 903 is sent to subtraction section 111 and subjected to 
the same processing as that explained in Embodiment 
1. In this way, synchronization pull-in processing is per- 
formed. 45 
[0162] As shown in FIG. 6, the present embodiment 
has 0 symbol 1802 inserted after synchronization sym- 
bol 1801 in a signal frame. Therefore, under circum- 
stances under which tens of delay signals are received, 

if signals with high signal power are included, correla- so 
tion processing is carried out between the 0 symbol of 
the reception signal and a signal with an IFFT-proc- 
essed synchronization symbol when a correlation is 
found between the signal with an I FFT-processed syn- 
chronization symbol and the reception signal. In this 55 
case, since correlation processing is performed with the 
0 symbol, the correlation result becomes very small no 
matter how high the signal power may be. For this rea- 



son, a peak exceeding a threshold is identified near the 
FFT processing start timing, thus making it possible to 
accurately detect the FFT processing start timing. 
[01 63] As shown above, since the OFDM communi- 
cation apparatus of the present embodiment has the 0 
symbol inserted immediately after a synchronization 
symbol used for synchronization pull-in processing, 
making it possible to reduce correlation output near the 
synchronization timing position. Therefore, the OFDM, 
communication apparatus of the present embodiment 
can suppress a correlation value exceeding a threshold 
even if signals with high power are included. As a result, 
the OFDM communication apparatus of the present 
embodiment can accurately detect FFT processing start 
timing and prevent desynchronization. 
[0164] The OFDM communication apparatus 
according to the present embodiment can reduce 
processing delays more than the OFDM communication 
apparatuses according to Embodiments 1 to 12 above. 
[0165] That is, with the OFDM communication 
apparatuses according to Embodiments 1 to 12, since 
synchronization pull-in is carried out using synchroniza- 
tion symbol 201 and phase reference symbol 202, syn- 
chronization is established immediately after phase 
reference symbol 202 "rf there is no synchronization 
error. However, since synchronization symbol 201 or 
phase reference symbol 202 is used to estimate the 
transmission path, these symbols need to be stored in 
memory. Thus, a delay is generated by one symbol or 
two symbols corresponding to synchronization symbol 
201 or phase reference symbol 202. 
[0166] On the other hand, with the OFDM commu- 
nication apparatus according to the present embodi- 
ment, synchronization pull-in is performed using 
synchronization symbol 1801 , synchronization is estab- 
lished immediately after synchronization symbol 1801 if 
there is no synchronization error. Therefore, the OFDM 
communication apparatus according to the present 
embodiment need not store the phase reference sym- 
bol, etc. in memory as in the case of Embodiments 1 to 
1 2, and thus can reduce the processing delay. 
[0167] The present embodiment explains the case 
where the synchronization pull-in method is used for the 
OFDM communication apparatus according to Embodi- 
ment 1 , but the present invention is also applicable to 
cases where the synchronization pull-in method above 
is used for Embodiments 2 to 10. 

(Embodiment 14) 

[0168] The present embodiment explains a case 
where a synchronization pull-in method, which is differ- 
ent from the above three methods, is used. As the syn- 
chronization pull-in method using synchronization 
symbols in the frame shown in FIG.4, there is another 
method of detecting a maximum value of the result of 
correlation between the reception signal and this recep- 
tion signal delayed as appropriate in addition to the 



14 



norm- «rPP 1 f)73?41 A2 I > 



27 



EP 1 073 241 A2 



28 



method explained in Embodiment 13. The OFDM com- 
munication apparatus according to the present embodi- 
ment uses this synchronization pull-in method. Here, a 
case where this synchronization pull-in method is used 
in the OFDM communication apparatus according to 
Embodiment 1 is explained as an example with refer- 
ence to Embodiment 13 and using FIG. 24. 
[0169] FIG.24 is a block diagram showing a config- 
uration of the OFDM communication apparatus accord- 
ing to Embodiment 14 of the present invention. In 
FIG.24, the same parts as those in FIG.5 and FIG.23 
are assigned the same codes as those in FIG.5 and 
FIG.23 and their detailed explanations are omitted. 
[0170] In the present embodiment, a frame similar 
to the frame (FIG. 22) in Embodiment 13 is used. Here, 
since a signal pattern with signals only placed on every 
(integer multiple of n)th subcarrier is used, synchroniza- 
tion symbol 1 801 in the frame shown in FIG. 22 consists 
of a same waveform repeated at every 1/n cycle. The 
following is an example where n = 4 is assumed, how- 
ever, it goes without saying that the present invention is 
also applicable to cases where n is changed as appro- 
priate. 

[0171] In the reception section, the signal output 
from A/D converter 107 (reception signal) is sent to FFT 
section 113, multiplier 2002 and delay section 2001. 
Delay section 2001 outputs the reception signal delayed 
] by 1/n symbol to multiplier 2002. Since n = 4 is assumed 
here, delay section 2001 delays the reception signal by 
1/4 symbol. Multiplier 2002 finds a correlation between 
the signal output from A/D converter 1 07 and the signal 
output from delay section 2001 . That is, multiplier 2002 
finds a correlation between the reception signal and this 
reception signal delayed by 1/4 symbol. The correlation 
result from multiplier 2002 is sent to accumulation sec- 
tion 110 where the same processing as that in Embodi- 
ment 1 above is carried out. 

[0172] In the present embodiment, as shown in 
FIG.22, 0 symbol 1802 is inserted after synchronization 
symbol 1801 in a signal frame. Therefore, under circum- 
stances under which tens of delay signals are received, 
if signals with high power are included, correlation 
processing is carried out between the 0 symbol of the 
reception signal and the synchronization symbol when a 
correlation is found between the reception signal and 
this reception signal delayed by 1/4 symbol. In this case, 
since correlation processing is performed with the 0 
symbol, the correlation result becomes very small no 
matter how high the signal power may be. For this rea- 
son, a peak exceeding a threshold is identified near the 
FFT processing start timing, thus making it possible to 
accurately detect the FFT processing start timing. 
[0173] As shown above, since the OFDM communi- 
cation apparatus of the present embodiment has the 0 
symbol inserted immediately after the synchronization 
symbol used for synchronization pull-in processing, 
making it possible to reduce correlation output near the 
synchronization timing position. Therefore, the present 



embodiment can suppress a correlation value exceed- 
ing a threshold even if signals with high power are 
included. As a result, the present embodiment can 
accurately detect FFT processing start timing and pre- 

5 vent desynchronization. 

[0174] The present embodiment explains the case 
where the synchronization pull-in method above is used 
for the OFDM communication apparatus according to 
Embodiment 1 , but the present invention is also applica- 

io ble to cases where the synchronization pull-in method 
above is used for Embodiments 2 to 12. 
[0175] The OFDM communication apparatus of the 
present invention is applicable to a communication ter- 
minal apparatus such as a mobile station apparatus and 

15 a base station apparatus in a radio communication sys- 
tem. 

[0176] Embodiments 1 to 14 explain cases where a 
0 symbol (signal) or inverted symbol (signal) is inserted 
immediately after a phase reference symbol used for 

20 delay detection, but the present invention is also appli- 
cable to a case where a 0 symbol (signal) or inverted 
symbol (signal) is inserted immediately after a pilot 
symbol, which is a phase reference symbol used for 
synchronization detection. In this case, demodulation 

25 section 114 carries out coherent detection instead of 
delay detection. 

[0177] The present invent ion is not limited to 
Embodiments 1 to 1 4 above, but can be implemented 
with various modifications. Moreover, Embodiments 1 to 
30 14 above can be implemented in various combinations 
thereof as appropriate. 

[0178] Furthermore, the present invention is 
explained when applied to cases where the above 
methods are used as the synchronization pull-in 

35 method. However, the present invention is not limited to 
this, but is applicable to cases where any synchroniza- 
tion pull-in method is used which adopts steps of calcu- 
lating a correlation value using the reception signal and 
detecting a maximum value of the calculation result. At 

40 this time, it goes without saying that a correlation value 
suppression signal is inserted immediately after a sym- 
bol used for the synchronization pull-in processing, that 
is, a symbol used for correlation value calculation 
processing. 

45 [0179] As explained above, the OFDM communica- 
tion apparatus of the present invention inserts a 0 sym- 
bol (0 signal), which is a correlation value suppression 
signal, or inverted symbol (inverted signal) after a phase 
reference symbol used for delay detection or a pilot 

so symbol used for synchronization detection, making it 
possible to accurately detect FFT processing start tim- 
ing and prevent desynchronization even under circum- 
stances under which tens of delay signals are received. 
[0180] The present invention is not limited to the 

55 above described embodiments, and various variations 
and modifications may be possible without departing 
from the scope of the present invention. 
[0181] This application is based on the Japanese 
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Patent Application No.HEl 11-215459 filed on July 29, 
1999, the Japanese Patent Application No.HEl 10- 
308913 filed on October 29, 1998, entire content of 
which is expressly incorporated by reference herein. 

Claims 

1 . An OFDM communication apparatus comprising: 

a transmitter having adder (102) for adding a 
symbol used for synchronization pull-in to a 
valid symbol and inserter (103) for inserting a 
correlation value suppression signal immedi- 
ately after the symbol; and 
a receiver having correlation value calculator 
(108-110,1501) for calculating a correlation 
value using a reception signal and symbol syn- 
chronizer (111,112) for establishing symbol 
synchronization by carrying out threshold judg- 
ment on the calculated correlation value. 

2. The OFDM communication apparatus according to 
claim 1 , wherein said adder (1 02) uses a synchroni- 
zation symbol and phase reference symbol which is 
identical to the synchronization symbol as the sym- 
bol used for synchronization pull-in, and the corre- 
lation value calculator (108-1 10) comprises delayer 
for delaying the reception signal by a unit symbol 
and multiplies the reception signal and the recep- 
tion signal delayed by the unit symbol. 

3. The OFDM communication apparatus according to 
. claim 1 , wherein said adder (1 02) uses a synchroni- 
zation symbol and phase reference symbol which is 
identical to the synchronization symbol as the sym- 
bol used for synchronization pull-in, and the corre- 
lation value calculator (1501) comprises IFFT- 
processor for IFFT-processing the phase reference 
symbol and multiplies the reception signal and the 
IFFT-processed phase reference symbol. 

4. The OFDM communication apparatus according to 
claim 3, wherein the correlation value calculator 
(1501) further comprises hard decider (1701) for 
carrying out hard decision on the IFFT-processed 
phase reference symbol and multiplies the recep- 
tion signal and the phase reference symbol sub- 
jected to IFFT-processing and hard decision. 

5. The OFDM communication apparatus according to 
claim 1 , wherein the transmitter uses a synchroni- 
zation symbol as the symbol used for synchroniza- 
tion pull-in and the correlation value calculator 
comprises IFFT-processor (1903) for IFFT-process- 
ing the synchronization symbol and multiples the 55 
reception signal and the IFFT-processed synchroni- 
zation symbol. 



6. The OFDM communication apparatus according to 
claim 1, wherein the transmitter uses a synchroni- 
zation symbol with a same waveform repeated at 
every 1/n cycle as the symbol used for synchroniza- 

5 tion pull-in, the correlation value calculator (2002) 

comprises delayer (2001 ) for delaying the reception 
signal by 1/n unit symbol and multiplies the recep- 
tion signal and the reception signal delayed by 1/n 
unit symbol. 

10 

7. The OFDM communication apparatus according to 
claim 2 or claim 3, wherein the interval of the corre- 
lation value suppression signal is shorter than the 
cycle of the phase reference symbol. 

15 

8. The OFDM communication apparatus according to 
claim 5 or claim 6, wherein the interval of the corre- 
lation value suppression signal is shorter than the 
cycle of the synchronization symbol. 

20 

9. The OFDM communication apparatus according to 
claim 1, wherein the receiver comprises detec- 
tor(501) for detecting the level of the reception sig- 
nal and the symbol synchronizer establishes 

25 symbol synchronization based on the information of 
the level and the resuii of threshoid judgment.. 

10. The OFDM communication apparatus according to 
claim 1, wherein the transmitter further comprises 

bo interval changer (601 -605) for adaptively changing 
the interval of the correlation value suppression sig- 
nal according to a communication environment. 

11- The OFDM communication apparatus according to 
'5 claim 1, wherein the transmitter further comprises 
level changer (1201,1302) for changing the level of 
the correlation value suppression signal according 
to a communication environment. 

o 12. The OFDM communication apparatus according to 
claim 11, wherein the transmitter increases the 
level of the correlation value suppression signal 
based on an average value of quality information of 
the reception signal. 

5 

13. The OFDM communication apparatus according to 
claim 1 , wherein the correlation value suppression 
signal is selected from among groups of null sym- 
bols, null signals, inverted symbols with the polarity 
of the symbol used for the synchronization pull-in 
inverted and inverted signals with the polarity of the 
symbol used for the synchronization pull-in 
inverted. 

L A base station apparatus comprising an OFDM 
communication apparatus, said OFDM communica- 
tion apparatus comprising: 
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a transmitter having adder for adding a symbol 
used for synchronization pull-in to a valid sym- 
bol and inserter for inserting a correlation value 
suppression signal immediately after the sym- 
bol; and 5 
a receiver having correlation value calculator 
for calculating a correlation value using a 
reception signal and symbol synchronizer for 
establishing symbol synchronization by carry- 
ing out threshold judgment on the calculated 10 
correlation value. 

15. A communication terminal apparatus comprising an 
OFDM communication apparatus, said OFDM com- 
munication apparatus comprising: is 

a transmitter having adder for adding a symbol 
used for synchronization pull-in to a valid sym- 
bol and inserter for inserting a correlation value 
suppression signal immediately after the sym- 20 
bol; and 

a receiver having correlation value calculator 
for calculating a correlation value using a 
reception signal and symbol synchronizer for 
establishing symbol synchronization by carry- 25 
ing out threshold judgment on the calculated 
correlation value. 



16. An OFDM communication method comprising: 



30 



the transmitting step having the steps of adding 
a symbol used for synchronization pull-in to a 
valid symbol and inserting a correlation value 
suppression signal immediately after the sym- 
bol; and 35 
the receiving step having the steps of calculat- 
ing a correlation value using a reception signal 
and establishing symbol synchronization by 
carrying out threshold judgment on the calcu- 
lated correlation value. 40 
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